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INTRODUC TXON 
DEFINITIONS 
@ TECHNOLOGY - (1) %NDUSTRML SCIENCE; SYSTEMATIC KNOWLEDGE OF 
THE INDUSTRLAL ARTS. 
( 2 )  TERMINOLOGY USED I N  ARTS, SCIENCES OR THE LXE. 
( 3 )  APPLLED SCIENCE. 
@ ,.AUXILIIARY PROPULSION - PROPULSION SYSTEMS OTHER THAN P R I U R Y ,  
[DOES NOT INCLUDE AIR BREATHING ENGINE FOR THE 
PRESENTATION) 
@ SYSTEM CANDIDATES 
@ HIGH PRESSURE - ACS, O M ,  OTHER 
LOW PRESSURE - ACS, ( O W ? )  

SYSTEM CANDIDATES 
VEHICLE ENVIRONMENT 
ELECTRICAL EQUIP. 
% ~ N D I T I ~ N I N C '  '
C - - - - - - -  4- 
PROPELLANT DYNAMICS 
- 
@ MAIN BOOST TANKS @ I-IEAT EXCHANGERS @ FLUID LINES @ COMGUSTION CI-IAMf.ERS 
@ O M  TANKS e E L E C  TRICAL @ ACCUMULATORS @ VALVES 
@ ACS TANKS @FLUID 
@ ACQUISITION DEVICES @ GAS 'SENERATOR 
@ SLOSll CONTROL DEVICES @ TURFOPUMPS 
@ PRESqURI7ATION SYSTEM @ 'TURPOCOMPRESSORS 
@ PRESS:JRE REGULATORS 
@ INSULATION 
TEMPERATURE TEMPERATURE CONTROL 
PRESSURE 
TI IR US T 
-  FLUID DYNAMICS PROPELLANT CONTROL 


IDENTIFICATION OF C R I T I C A L  TECHNOLOGIES 
After reviewing "what is the job?! and "what has been done previously?", areas which require that 
more "systematic knowledgen be made available can be identified. The object of any hardware is to 
provide a required function. To select hardware, certain criteria must be assessed in terms of 
relative importance. Some criteria will govern the design of one component more than another. The 
ultimate criteria which seems to always be the hardest to define is cost and cannot be disassociated 
from any of the other criteria. 
After assessing the importance of the criteria, one must determine the alternatives to meeting those 
requirements.. Long life may be met by redundant components, replaceable or repairable components. 
If weight or other criteria does not allow this, a new development program may be required. The state 
of the Space Shuttle APS presently is such that the criteria and alternative have not been thoroughly 
defined nor evaluated. Preliminary requirements indicate some areas that are deficient in their 
capability to meet the Space Shuttle objectives. 
IDENTIFICATION O F  CRITICAL TECHNOLOGIES 
CRITERIA 
@ OPERATIONAL RUN L I F E  
@ ENVlRQNMENT 
@ NO. O F  STARTS 
@ SUB -SYSTEM INTEGRATION 
@ VEHICLE INTERFACE - STRUCTURAL, THER 
@ WEIGHT (PERFQR 
@ GROUND OPERATIONS 
@ DEVELOPMENT STATUS 
ALTERNATIVES 
@ SYSTEM DESIGN - ASSIGN FUNCTION TO OTHER COMPONENT 
@ MULTIPLE CO 
@ REPLACEABLE COMPONENTS 
@ REPAIRABLE COMPONENTS 
@ N E W  DEVELOPMENT 
IDENTIFICATION OF CRITICAL TECHNOLOGIES (CONT'D) 
The Space Shuttle Vehicle may require up to 30 engines or more to meet basic mission needs. 
Requirements for many starts and low leakage dictate that new valves must be developed. 02 /H2  
engines capable of providing low impulse bits (=SO lb-sec) require fast response from the large 
gaseous propellant valves. 
Reliable ignition of gaseous 02/B2 many times causes concern. An item such as a spark plug igniter 
might be an excellent candidate for periodic replacement such as practiced in automobiles. 
High performance and low weight are almost synonymous with high combustion temperatures. The tempera- 
tures in conjunction with quick response creates a cooling problem which must be evaluated. 
Uncontrolled slosh or any movement of propellant masses within the propellant tanks will result in 
usage of attitude control propellant due to the induced disturbances. The location of the propellant 
within the propellant tanks and the resultant heat transfer impact due to the propellant being in 
contact or not being in contact with the tank walls in a zero "g" environment will impose a bigger 
requirement on the system which depends on utilization of primary vehicle residual boost or solar heat 
input as a source of energy. The acquisition of liquid propellant for turbopump operation is of 
concern primarily if many starts are required of the turbopump. The inability to create a zero "g" 
environment for long periods of time causes a lack of confidence in the proving of many designs until 
they are flown. 



SUMMATION 
After a review of the anticipated most critical areas required for design of an APS for the Space 
Shuttle, the conclusion is that existing technology is not adequate. Also, it can be stated that 
new technology is required regardless of the choice of a high or low pressure APS. However, with 
the 02/li2 propulsion systems base existing within the NASA and industry and with the required time 
and funds made available, the areas of concern only represent interesting engineering problems and not 
impossible dreams. 
